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On behalf of the

SACRAMENTO REGIONAL COUNTY SANITATION DISTRICT

[ am Charles P. Gerba.

I am employed as a Professor of Environmental Microbiology in the Department of Soil,
Water and Environmental Science (College of Agriculture), the Divisions of Environmental
Health and Epidemiology) (College of Public Health) at the University of Arizona in Tucson,
Arizona since 1981. Previous to that time | was employed as an assistant professor in the
Department of Virology and Epidemiology at Baylor College of Medicine in Houston, Texas
for seven years. I received my Ph.D. in microbiology from the University of Miami (Florida).
[ have been involved in field studies on occurrence of pathogenic enteric viruses and protozoa
in recreational waters for more than 30 years. Our group conducted the first nationwide
studies on the occurrence of Giardia and Cryptosporidium in surface waters in the United
States. I have been involved in studies concerning the application of quantitative microbial
risk assessment to assess illness for drinking and recreational waters since 1985. 1 have
written more than 500 published articles concerning environmental transmitted pathogens and
their control, including a co-edited book on quantitative microbial risk assessment. I served on
the U.S. Environmental Protection Agency Scientific Advisory Board for nine years, which
reviews regulations and research programs of the agency. A copy of my resume is attached to
this document.

I have performed a quantitative microbial risk assessment to determine the risk of acquiring
gastrointestinal illness from the protozoan parasites Giardia and Cryptosporidium from
swimming in the Sacramento River above and below the discharge point of Sacramento
Regional County Sanitation District’s (SRCSD) Sacramento Regional Wastewater Treatment
Plant (SRWTP). I used standard quantitative microbial risk assessment methods, and
conservative assumptions on the volume of water ingested, number of recreational events,
dilution of the effluent in the river, and efficiency of the analytical methods. Quantitative
microbial risk assessment (QMRA) has been used to set guidelines for the treatment of
drinking water to control risks from waterborne pathogens by the United States
Environmental Protection Agency (USEPA) (Regli et al, 1991). QMRA is a process in which
the concentration of pathogens ingested is used to determine the risk of infection and the risk
of illness. Risks were calculated for one time exposure event and for 10 swimming exposure
events in the Sacramento River. The risks were also combined for both Giardia and
Cryptosporidium representing the maximum risk of gastrointestinal illness from protozoan
parasites.

[ prepared the preliminary risk assessment report and a revised report titled “Estimated Risk
of Illness from Swimming in the Sacramento River” (Estimated Risk Report) which was
submitted to the Central Valley Regional Water Quality Control Board (Central Valley Water
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Board) in February 2010. The Estimated Risk Report, which was based on a very
conservative set of assumptions, contained probabilities of acquiring an illness from Giardia,
Cryptosporidium, and from a combined effect (additive risk from both protozoa) of Giardia
and Cryptosporidium from one and 10 swimming events, which were calculated at four
locations on the Sacramento River and for the 20:1 diluted effluent. In no case did the risks
exceed those currently recommended by the USEPA for contact recreation. In all cases the
risk of illness was below the USEPA acceptable risk value for acquiring an illness or infection
for a single event or for multiple events by 2 to 3 orders of magnitude. Furthermore, I found
no statistical difference in risks of illness at the sites in the river upstream of the discharge
(Veteran’s Bridge) and immediately downstream of the SRWTP outfall (Cliff’s Marina), even
if one adds the risks for both Giardia and Cryptosporidium. While a minor change in risk is
determined 1.5 miles downstream at River Mile 44, those results may be affected by other
inputs (e.g. from Morrison Creek and/or the marina).

I have reviewed a letter from the Department of Public Health (DPH) dated 15 June 2010 that
references my work. My review has included the appropriateness of a 1:10,000 risk level to
regulate the SRCSD discharge, and the comparison of the estimated risks, calculated using
conservative assumptions, to the 1:10,000 risk level. In addition, a letter from SRCSD to

Mr. Kenneth Landau dated June 30, 2010, relating to the DPH letter describes my analysis
and conservative assumptions in the analysis. I agree with the content of the June 30 letter as
it relates to microbial risk analysis.

The DPH letter recommended that “additional treatment sufficient to reduce additional risk of
infection posed by the exposure to its discharge to as close to I in 10,000 as can be achieved
by a cost-effective combination of using filtration/and/or a disinfection process that
effectively inactivates Giardia and Cryptosporidium oocysts.” The 1:10,000 risk of infection
per year is what has been provided by the USEPA as guidance for fully treated tap water
(drinking water), not for contact recreational freshwaters. The acceptable national risk for
contact recreational surface waters as described in guidance provided by the USEPA is
8:1,000 for a one time exposure. The USEPA 1986 standards apply to all surface recreational
waters regardless if they are directly influenced by treated wastewater or not. The USEPA is
currently considering revised recreational standards; however, the revisions are not focused
on revising the acceptable risk levels. In my experience spanning 33 years, I have not
encountered a regulatory agency using a 1:10,000 risk threshold for contact recreation in
surface waters.

[ have also reviewed the Tentative Permit released by the Central Valley Regional Water
Quality Control Board on September 3, 2010. The Tentative Permit states that the Sacramento
River near the diffuser is a popular sport fishing area. The Estimated Risk Report reported
risk values calculated using an estimate of 100 mL for the amount of water ingested during a
swimming event, which is the most conservative estimate of the amounts of water ingested
during swimming reported in the scientific literature. By comparison, one study found that a
mean of volume 37 mL was ingested by children and a mean volume of 16 mL was ingested
by adults during 45 minutes of active swimming (Dufour er al., 2006). The amount of water
ingested for boaters and fishing activities (the typical use in the Sacramento River below
Freeport) has been estimated as much lower, at 6 to 10 mL (Schets et al, 2008). Therefore, the



reported risk values in the Estimated Risk Report would overestimate the risk of illness from
fishing by at least an order of magnitude.

On page F-92, the Tentative Permit states that “at times the risk of illness or infection from
pathogenic protozoans nearly quadruples between upstream and downstream of the SRWTP
discharge.” The Tentative Permit is likely referring to a comparison between the average risk
due to Cryptosporidium and Giardia combined at Veterans Bridge or Freeport with the
average risk calculated for 1:20 diluted effluent, which represents a worst-case scenario which
is not typically the condition in the Sacramento River. The expected frequency of occurrence
of a 20:1 dilution ratio is less than 0.2 percent. Risks that were estimated based on
concentrations measured within the river would capture the typical annual variation in
effluent dilutions, and more accurately represent conditions downstream of SRWTP
discharge. My analysis of the risks of infection to bathers below and above the outfall from
Giardia and Cryptosporidium showed no statistical difference in the risks, indicating that the
occurrence of these organisms in the discharge did not result in any substantial increase in risk
in the Sacramento River. Furthermore, the risks of illness from protozoa upstream of the
discharge and downstream of the discharge both fall well below USEPA criteria for protection
of recreational users.

The risks associated with protozoan pathogens from SRWTP discharge likely decrease with
distance downstream of the outfall, due to fate and transport process such as die-off from UV
light and sedimentation, and also any effect of other water sources that may join the system.
Both Giardia and Cryprosporidium are very sensitive to inactivation by UV light found in
sunlight.|

In addition, I have considered the impact of current disinfection processes on Giardia
viability. In the Estimated Risk Report, I estimated that 24% of the Giardia cysts that were
detected in the SRCSD discharge were infectious (viable). This value was based on the
observed estimated viability of Cryptosporidium oocysts reported in the study of Hardwood et
al (2005) in secondary treated wastewater. This same percent viability was used for estimating
the viability of the Giardia cysts detected in the discharge from SRSCD plant, since no data
was available on Giardia viability in wastewater effluents. The impact of chlorination on the
discharge from the plant was not considered in this assessment of Giardia viability. Giardia is
much more susceptible to inactivation by free chlorine and chloramines than Cryprosporidium
and both of these disinfectants are used by the drinking water industry to control Giardia in
water supplies (USEPA, 1991). The SRCSD plant chlorinates the effluent from the plant and
then dechlorinates before discharge. The time of transport of the chlorinated effluent from the
plant to the point of dechlorination allows for time for inactivation of the Giardia cysts
present in the discharge by the disinfectant. This will result in some inactivation of the
Giardia by the chloramines in the effluent before discharge.

The effectiveness of chlorine disinfection in the inactivation of Giardia cysts is calculated by
multiplying the contact time (t) times the concentration of chlorine/chloramines (C) or Ct at a
given temperature. The effectiveness of chlorine disinfection increases with increasing
temperature. Because of the presence of organic matter and ammonia in the wastewater
effluent, the chlorine added to the effluent is quickly converted to chloramines (combined
chlorine). The USEPA has provided tables for determining the inactivation of Giardia cysts
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by chloramines (Table 1) at various temperatures and Ct values. Table 2 shows the
temperatures and Ct times for the effluent of the SRCSD plant in 2009. Also, shown in the
table are the Ct values for the SRWTP effluent and log reduction expected for Giardia
viability based on these Ct values. From the Ct times it can be see that the reduction of
Giardia viability can range from a minimum of 0.84 to greater than 5 log,, with an average of
about 3.2 log,,. The lowest Ct values were observed for a few days during the winter and the
greatest during the summer months. This would suggest that most, if not all, of the Giardia
detected are non-infectious, except perhaps for a few days during the winter. From this
assessment it would appear that when most of the exposure to bathers is likely to occur
(spring, summer, and fall) that the risk from Giardia is well below 1:10,000/ year.

Table 1. Ct values for inactivation of Giardia Cysts from USEPA
(1991)

TABLE E-12

CT VALUES FOR
INACTIVATION OF GIARDIA (!H"STS

BY CHLORAMINE pH 6-9
[emperature (C)
Inactivation <=1 _ e 10 15 20 5.
0.5-log 635 365 310 250 185 125
1-Tlog 1,270 735 615 500 370 250
1.5-1og 1,900 1,100 930 750 550 375
2-1og 2,535 1,470 1,230 1,000 735 500
2.5-Tog 3,170 1,830 1,540 1,250 915 625
3-log 3,800 2,200 1,850 1,500 1,100 750

Table 2. Calculated Log;, reduction for Giardia for the SRCSD plant discharge

Range Temperature °F Temperature °C Ct Log Reduction of
Giardia*
Minimum 57.9 14.9 366 0.84
Average 72.7 226 1112 3.2
Maximum 81.3 27.4 2307 >5.0

*Estimated from “Guidance Manual for Compliance with the Filtration and Disinfection Requirements
for Public Water Systems using Surface Water Sources”, U. S. Environmental Protection Agency.
1991. Washington, DC.



The risk estimates provided in the Estimated Risk Report were based on conservative
assumptions on the viability of Giardia. Since Giardia cysts are more resistant to disinfection
by chlorine/chloramines, the dose and contact time of chloramines at SRWTP can be expected
to reduce the level of viable Giardia from ~1 to >5 log,,. If this is considered in the risk
assessment, the risks from Giardia are below 1:10,000 for 10 yearly swimming events
considering a 1:20 dilution of the discharge. With more realistic assumptions used in the risk
assessment and taking the Giardia inactivation with chlorine into account, the one in ten
thousand risk of illness from Cryptosporidum and Giardia would likely be achieved.

In summary, I have reached the following conclusions and opinions. Using conservative
assumptions, risks of illness from pathogens to persons swimming or otherwise recreating in
the Sacramento River downstream of the SRWTP discharge are well below the national
USEPA criteria, which are widely used and accepted for protection of public health. In my
experience, most rivers in the country could not meet a 1:10,000 risk level, which is used for
fully treated drinking water (i.e. tap water) and is considerably more stringent than the
USEPA criteria. However, using an analysis with assumptions more realistic than the
conservative assumptions in my Estimated Risk Report, the Sacramento River downstream of
the SRWTP outfall would definitely approach, and may achieve, such a stringent risk level.
Furthermore, the SRWTP discharge does not result in a meaningful increase in risk to
recreationists of waterborne disease.
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